Objectives Rheumatoid arthritis (RA) and ankylosing spondylitis (AS) have been associated with generalized and localized bone loss. We conducted a comprehensive study using imaging (dual-energy X-ray absorptiometry, DXA) and laboratory biomarkers in order to determine bone health and to study the effects of anti-tumor necrosis factor (TNF) biologics in RA and AS. Patients and methods Thirty-six RA and 17 AS patients undergoing 1-year etanercept (ETN) or certolizumab-pegol (CZP) therapy were studied. Bone density was assessed by DXA at baseline and after 12 months. Serum C-reactive protein (CRP), calcium, phosphate, parathyroid hormone (PTH), vitamin D3, osteocalcin, procollagen type I N-propeptide (P1NP), C-terminal telopeptide (βCTX), osteoprotegerin, sclerostin (SOST), Dickkopf-1 (DKK-1), soluble receptor activator nuclear kappa B ligand (sRANKL), and cathepsin K (cathK) levels were determined at baseline and after 6 and 12 months. Results TNF-α inhibition was clinically effective. Anti-TNF-α halted further bone loss over 1 year. In general, anti-TNF therapy significantly increased P1NP, SOST levels, and the P1NP/βCTX ratios, while decreased DKK-1 and CathK production at different time points in most patient subsets. In the full cohort and in RA, baseline and/or 12-month bone mineral density (BMD) at multiple sites exerted inverse relationships with CRP and βCTX, and positive correlation with SOST. In AS, L2-4 BMD after 1-year biologic therapy inversely correlated with baseline βCTX, while femoral neck BMD rather showed inverse correlations with CRP. Conclusions Anti-TNF therapy slowed down generalized bone loss, in association with clinical improvements, in both diseases. TNF blockade may enhance bone formation and suppress joint destruction. Anti-TNF therapy may act inversely on DKK-1 and SOST. Independent predictors of BMD were SOST and βCTX in RA, whilst CRP in AS.
Introduction
Rheumatoid arthritis (RA) and ankylosing spondylitis (AS) have been associated with osteoporosis, as well as localized inflammatory bone resorption and/or formation [1, 2] . Low bone mineral density (BMD) and increased fracture risk have been observed in two-third of these patients [1, 2] . The RANK-RANKL system is highly involved in inflammatory bone resorption [3, 4] . Among cytokines, tumor necrosis Katalin Gulyás and Ágnes Horváth Shared first authorship with equal contribution. Szilvia Szamosi and Sándor Szántó Shared last authorship with equal contribution.
factor α (TNF-α) induces bone loss via the stimulation of RANKL [1, [3] [4] [5] . TNF-α also directly induces osteoclast function [6, 7] . Interleukin-1 (IL-1), IL-6, and IL-17 also have similar effects [4] . Osteoprotegerin (OPG), a decoy receptor of RANKL, influences bone erosions in arthritides [8] . A low OPG/RANKL ratio has been associated with increased radiographic damage in RA [9, 10] . In clinical trials, TNF-α inhibitors inhibited bone destruction and reduced radiological progression in RA [11] [12] [13] .
With respect to bone formation, wingless-related integration site (Wnt) proteins have emerged as central regulators. Upon osteoblast activation, a multi-molecular complex is formed. β-catenin becomes free, it stabilizes and it is transported to the nucleus resulting in the transcription of Wnt-induced genes regulating bone formation. This process can be inhibited by Dickkopf-1 (DKK-1) and sclerostin (SOST). DKK-1 and SOST are able to block the formation of the molecular complex mentioned above and this complex will fall into pieces [4, 14] . There is a direct interaction between DKK-1 and SOST. Blockade of DKK-1 in animal models suppresses SOST production [15] . TNF-α induces DKK-1 and DKK-1 stimulates SOST production by osteocytes. Both DKK-1 and SOST block bone formation [14] . An interaction between DKK-1 and OPG was proposed in experimental arthritis models suggesting that the antiresorptive and bone formation-inducing property of DKK-1 inhibition also involves OPG [16] . As TNF-α induces DKK-1 and SOST and thus inhibits bone formation, in contrast to RA, there have been lots of controversies with regard to the efficacy of TNF-α inhibitors in halting bone formation and the development of syndesmophytes in axial AS [12, 14] . In animal models of arthritis, SOST promoted, while anti-SOST attenuated the formation of erosions [17] . In contrast, another study suggested that SOST may act differently by inhibiting rather than promoting TNF-α-mediated inflammatory bone loss [18] . SOST may exert diverse effects on bone turnover under inflammatory and non-inflammatory conditions.
In addition to their effects on localized bone turnover, anti-TNF therapies also influence the development and progression of generalized osteoporosis in conjunction with RA and AS [12] .
Anti-TNF therapies may also influence bone turnover and the production of bone biomarkers. Anti-TNF-α agents were shown to increase serum osteocalcin (OC) and procollagen type I N-propeptide (P1NP) levels, which are markers of bone formation, and suppressed C-terminal telopeptide (βCTX) and receptor activator nuclear kappa B ligand (RANKL) levels, which are markers of bone resorption, in RA and AS (reviewed in [12] ). These findings were not always consistent as some studies with TNF-α inhibitors showed no effects on OC, P1NP and βCTX levels [19, 20] . On the other hand, anti-TNF agents increased OPG/RANKL, OC/βCTX, and P1NP/βCTX ratios [20] [21] [22] . Furthermore, TNF-α inhibitors also suppress DKK-1 leading to increased bone formation in RA [23, 24] . Interestingly, in one study, anti-TNF treatment increased SOST production in RA [25] . In most studies, changes in bone biomarkers by anti-TNF therapy were associated with improvements in disease activity and inflammatory markers (e.g. CRP) in RA and AS [12] .
As most studies in the literature have been conducted in either RA or AS/SpA, here, we conducted a comprehensive study on the effects of anti-TNF biologics on bone density and bone markers in both RA and AS. Moreover, we assessed more than 10 bone markers in order to elucidate the complex effects of biologics on bone metabolism. Our aim was to draw a complex picture of, as well as to demonstrate the effects of anti-TNF therapy on bone health in RA and AS.
Patients and methods

Patients
Fifty-three patients with inflammatory arthritis (36 RA and 17 AS) were enrolled in the study. Patient characteristics are seen in Table 1 . The cohort included 34 women and 19 men with mean age of 52.0 ± 12.1 (range 24-83) years. Mean disease duration was 8.5 ± 7.9 (range 1-44) years. Patients with active disease were recruited prior to initiating a biological therapy. Inclusion criteria included definitive diagnosis of RA or AS; high disease activity (DAS28 > 5.1, BASDAI > 4 after at least 3 months of combined conventional DMARD therapy); clinical indication of biological therapy. Exclusion criteria included acute/recent infection, standard contraindications to anti-TNF therapy, chronic renal or liver failure. None of the patients had known primary osteoporosis prior to the diagnosis of RA or AS. None of the patients received replacement vitamin D therapy at the time of inclusion. At baseline, RA patients had a mean DAS28 of 5.00 ± 0.86, while AS patients exerted mean BASDAI of 5.79 ± 1.19. All patients were biologic-naïve, started on an anti-TNF therapy at baseline and received the same biological treatment at 1 year. Clinical assessments were performed at baseline, and after 3, 6, and 12 months of therapy. Among the 36 RA patients, 20 received etanercept (ETN) 50 mg/week subcutaneous (SC) and 16 received certolizumab pegol (CZP) (400 mg at 0, 2, and 4 weeks, and thererafter 200 mg twice weekly SC). Altogether 28 RA patients were administered the TNF inhibitor in combination with methotrexate (MTX). These patients had been on MTX prior to the initiation of biologics and the MTX dose was not changed. All 17 AS patients received ETN 50 mg/week SC in monotherapy. Although most RA patients and some AS patients may have received corticosteroids prior to the study, none of the patients were on corticosteroids for at least 3 months prior to and during the study. The study was approved by the Hungarian Scientific Research Council Ethical Committee (approval no. 14804-2/2011/EKU). Written informed consent was obtained from each patient and assessments were carried out according to the declaration of Helsinki.
Bone densitometry assessments
Dual energy X-ray absorptiometry examination was performed using the LUNAR Prodigy (GE-Lunar Corp., Madison, WI, USA) densitometer by a single technician during the study period. The coefficient of variation (CV) of the technique at our institute was 0.8% using the anatomical spine phantom measured daily and there was absence of machine drift during the study. The short-term in vivo precision error for L2-L4 lumbar spine is 0.012 g/cm 2 (LSC = 0.034 g/cm 2 at 95% confidence level) and femur neck is 0.013 g/cm 2 (LSC = 0.035 g/cm 2 at 95% confidence level).
Laboratory measurements and assessment of disease activity
Blood was drawn after overnight fasting. Serum high sensitivity C reactive protein (hsCRP; normal, ≤ 5 mg/l) and IgM rheumatoid factor (RF; normal, ≤ 50 IU/ml) were measured by quantitative nephelometry (Cobas Mira Plus-Roche), using CRP and RF reagents (both Dialab). ACPA (anti-CCP) autoantibodies were detected in serum samples using a secondgeneration Immunoscan-RA CCP2 ELISA test (Euro Diagnostica; normal, ≤ 25 IU/ml). The assay was performed according to the manufacturer's instructions. Disease activity of RA and AS was calculated as DAS28-ESR (3 variables) and BASDAI, respectively [26] .
Bone biomarkers
Blood was drawn after overnight fasting. Serum calcium (Ca; Roche Diagnostics; normal, 2.1-2.6 mmol/l) and phosphate (P; Roche Diagnostics; normal, 0.8-1.45 mmol/l); parathyroid hormone (PTH; Roche Diagnostics; normal, 1.6-6.9 pmol/l); 25-hydroxyvitamin D3 (DiaSorin; normal, ≥ 75 nmol/l); osteocalcin (OC; Roche Diagnostics; normal, < 41 μg/l), P1NP (Roche Diagnostics; normal, < 75 μg/l), βCTX (Roche Diagnostics; normal, < 0.57 μg/l), osteoprotegerin (OPG; Biomedica; median, 2.7 pmol/l), sclerostin (SOST; Biomedica; median, 24.14 pmol/l), DKK-1 (Biomedica; median, 36 pmol/l), soluble RANKL (Ampli-sRANKL; Biomedica; median, 0.14 pmol/l), and cathepsin K (cathK; Biomedica; median, 8.7 pmol/l) were determined by ELISA at baseline, 6 and 12 months after treatment initiation. The above-mentioned reference values for biochemical data were generated by the local laboratory.
Statistical analysis
Statistical analysis was performed using SPSS (IBM 22 software). Data are expressed as the mean ± SD for continuous variables and percentages for categorical variables. Continuous variables were evaluated by paired two-tailed t test and the Wilcoxon test. Nominal variables were compared between groups using the chi-squared or Fisher's exact test, as appropriate. Correlations were determined by Spearman's analysis. Univariate and multiple regression analysis using the stepwise method was applied to investigate independent associations between DXA measurements (dependent variables) and laboratory parameters (independent variables). Sex and menopausal status were included in the regression analyses. The β standardized linear coefficients showing linear correlations between two parameters were determined. The B (+ 95% CI) regression coefficient indicated independent associations between dependent and independent variables during changes. P values < 0.05 were considered significant. 
Results
Clinical response to anti-TNF therapy in RA and AS TNF-α inhibition was highly effective in RA and AS patients.
In the RA cohort (n = 36), ETN and CZP treatment resulted in significant decreases in DAS28 after 3 months (3.52 ± 0.79; p < 0.001), 6 months (3.13 ± 0.84; p < 0.001) and 12 months of treatment (3.02 ± 0.96; p < 0.001) compared with baseline (5.00 ± 0.86) (data not shown). In RA, CRP at baseline (16.0 ± 19.1 mg/l) was also significantly higher than after 3 months (8.5 ± 11.3 mg/l; p < 0.001), 6 months (7.0 ± 7.1 mg/l; p = 0.005) and 12 months (7.5 ± 7.9 mg/l; p = 0.011) (data not shown).
In AS (n = 17), BASDAI significantly decreased from 5.79 ± 1.19 at baseline to 2.04 ± 0.89 (p < 0.001), 2.00 ± 1.03 (p < 0.001), and 1.86 ± 1.04 (p < 0.001) at 3, 6, and 12 months, respectively (data not shown). Moreover, CRP was also higher at baseline (12.5 ± 12.0 mg/l) than after 3 months (5.7 ± 13.6 mg/l; p = 0.026), 6 months (6.3 ± 13.5 mg/l; p = 0.041), and 12 months of therapy (4.4 ± 6.6 mg/l; p = 0.003) (data not shown).
Fortunately, all RA and AS patients were responders and no biologic switch was necessary in any of these patients during the 1-year treatment period.
Effects of anti-TNF therapy on bone mineral density
While anti-TNF-α treatment halted further generalized bone loss over 1 year in the whole cohort, there was no significant difference in mean L2-4 vertebral and femoral neck BMD or T-scores at baseline compared with 12 months (L2-4 vertebral BMD 0.890 ± 0.027 vs 0.889 ± 0.025 g/cm 2 and T-score − 0.51 ± 0.21 vs − 0.46 ± 0.21; femoral neck BMD 0.842 ± 0.020 vs 0.838 ± 0.020 g/cm 2 and T-score − 0.84 ± 0.17 vs − 0.89 ± 0.17, respectively). Similar observations were made in the RA and AS subsets (data not shown).
Effects of biologics on bone biomarkers
Among the bone turnover (formation and resorption) markers, in the full RA+AS cohort, one-year anti-TNF therapy significantly increased P1NP after 3 months (51.8 ± 22.5 μg/l; p = 0.042) and 6 months (53.5 ± 27.1 μg/l; p = 0.040) compared with baseline (46.7 ± 19.3 μg/l) ( Fig. 1 ). Similar differences in P1NP levels could be observed in the RA subset after 3 months (52.2 ± 24.0 μg/l; p = 0.041) and 6 months (56.4 ± 29.0 μg/l; p = 0.026) compared with baseline (45.6 ± 19.9 μg/l) ( Fig. 1) . In AS, P1NP levels significantly increased after 12 months (56.9 ± 28.8 μg/l; p = 0.035) versus baseline (49.2 ± 18.4 μg/ l) ( Fig. 1) . At the same time, OC and βCTX had normal levels at all time points. Neither OC (baseline, 20.3 ± 8.8 μg/l; 12 months, 20.5 ± 9.8 μg/l) nor βCTX (baseline, 0.34 ± 0.18 μg/l; 12 months, 0.35 ± 0.18 μg/l) changed significantly in the full RA+AS cohort.
With respect to the Wnt-β-catenin pathway and its regulators, in the RA+AS cohort, DKK-1 levels were higher at baseline (59.7 ± 28.6 pmol/l) compared with the reference value described above. DKK-1 levels significantly decreased after 6 months of treatment (51.6 ± 25.5 pmol/l; p = 0.045) compared with baseline ( Fig. 2A) . SOST levels were also higher at baseline (94.6 ± 45.3 pmol/l) compared with the normal Fig. 1 Effects of 1-year anti-TNF therapy on P1NP production. TNF inhibition significantly increased P1NP levels in the RA+AS cohort after 3 and 6 months of treatment; in RA patients after 3 and 6 months and in AS, after 12 months Fig. 2 Effects of anti-TNF therapy on DKK-1 and SOST levels. Anti-TNF treatment significantly decreased DKK-1 production in the full cohort and in the RA subset after 6 months (A). TNF inhibition also increased SOST levels in the RA+AS, RA, and AS subsets after 12 months (B) reference value. Conversely to DKK-1, SOST levels significantly increased after 12 months (112.4 ± 76.1 pmol/l; p = 0.035) versus baseline (Fig. 2B) . In RA, DKK-1 also significantly decreased after 6 months (52.1 ± 26.1 pmol/l; p = 0.042) versus baseline (60.6 ± 28.9 pmol/l) ( Fig. 2A) . On the other hand, SOST significantly increased after 12 months (128.5 ± 83.7 pmol/l; p = 0.038) versus baseline (107.0 ± 47.5 pmol/l) (Fig. 2B) . In AS, SOST significantly increased after 12 months (81.3 ± 46.9 pmol/l; p = 0.034) compared with baseline (70.6 ± 29.0 pmol/l) (Fig. 2B) .
In the full cohort, the baseline concentrations of CathK (27.4 ± 6.8 pmol/l) were higher compared with the normal reference value above. There was a significant decrease in CathK production after 12 months (25.8 ± 5.5 pmol/l; p = 0.006) compared with baseline ( Fig. 3) . In RA, CathK also significantly decreased after 12 months (26.9 ± 5.6 pmol/l; p = 0.012) versus baseline (28.7 ± 6.2 pmol/l) ( Fig. 3) .
With respect to the RANKL pathway, in the full cohort or in RA or AS patients, sRANKL and OPG levels did not show any differences during anti-TNF therapy. In addition, Ca, P, vitamin D3 and PTH levels also did not change during the 1year period (data not shown).
When calculating bone formation/resorption ratios (P1NP/βCTX, OC/βCTX and OPG/RANKL), which better reflect bone turnover changes, in the full cohort, the P1NP/βCTX ratio significantly increased at 6 months (187.5 ± 85.5; p = 0.032) compared with baseline (160.8 ± 56.5) ( Fig. 4) . In RA, the P1NP/βCTX ratio significantly increased after 6 months (190.2 ± 87.2; p = 0.035) ( Fig. 4 ). In addition, the OC/βCTX and OPG/RANKL ratios did not change significantly during the 12 months in the full cohort, RA or AS (data not shown).
Correlations between bone mineral density and laboratory biomarkers
Univariate and multiple regression analyses were performed in order to determine associations between BMD at various sites (dependent variables) and laboratory parameters (independent variables) ( Table 2 ). In the full cohort and in RA patients, baseline and/or 12-month BMD at multiple sites exerted inverse relationships with CRP and βCTX, as well as positive correlations with SOST. In the AS subset, L2-4 BMD after 1-year biologic therapy inversely correlated with baseline βCTX. Femoral neck BMD rather showed inverse correlations with CRP. The actual data and p values are included in Table 2 .
Discussion
RA and AS have been associated with secondary osteoporosis and increased fracture risk [1, 2] . Inflammatory bone formation is also a hallmark of AS [12, 14] . Anti-TNF biologics may inhibit bone loss, but they exert limited effects on inflammatory bone formation [12] . Furthermore, biological therapy may affect the production of bone markers in RA and AS [12] . With respect to mode of action, TNF inhibitors decrease RANKL and increase OPG expression in inflammatory diseases [12] . TNF inhibition also results in blockade of DKK-1 and stimulation of Wnt-dependent bone formation [12] .
In this study, we assessed the effects of ETN or CZP therapy on disease activity, bone loss and bone biomarkers in RA and AS. As expected, 1-year anti-TNF treatment was effective in both RA and AS patients as it significantly decreased DAS28 and BASDAI, respectively. These effects of ETN and CZP were observed as early as after 3 months. The antiinflammatory effects of anti-TNF therapy were accompanied by inhibition of bone loss in both diseases. L2-4 and femoral neck BMD remained unchanged after 1-year ETN or CZP therapy in the entire cohort, as well as in RA and AS. These effects have previously been reported by others [12, 13] . Baseline CRP inversely correlated not only with baseline L2-4 and femoral neck BMD, but also with BMD after 1year treatment. Thus, at baseline, high-grade inflammation correlated with low BMD. Moreover, we found that baseline The first publications on the effects of TNF inhibitors on bone and osteoporosis were published in the 2000s. In most studies, effects on the bone have been associated with favorable clinical responses. A great amount of data have been published on infliximab, ETN, adalimumab and some data also on golimumab (reviewed in [12] ). We have not found any reports on the bone effects of CZP.
Regarding bone biomarkers, 1-year anti-TNF therapy significantly increased P1NP over time in our full cohort, in RA and AS. Other markers of bone turnover, such as OC or βCTX did not change upon anti-TNF therapy. The P1NP/βCTX ratio increased over time in the full cohort and in RA. Bone resorbing activity as indicated by βCTX at baseline was associated with low baseline BMD and we showed that baseline βCTX may also predict further bone loss after 1-year anti-TNF therapy. In line with our findings, previous studies found that TNF inhibitors increased serum P1NP levels and, in some cohorts, suppressed βCTX levels in RA and AS [20, 21, 23, [27] [28] [29] [30] [31] [32] . These findings were not always consistent as some other studies showed no effects of TNF-α inhibitors on OC, P1NP, and βCTX levels [19, 20] . Furthermore, anti-TNF agents have been shown to increase OPG/RANKL, OC/βCTX, and P1NP/βCTX ratios [20] [21] [22] . In most studies, changes in bone biomarkers by anti-TNF therapy were associated with improvements in disease activity in RA and AS [12] .
With respect to DKK-1 and SOST, upon 1-year ETN or CZP treatment, DKK-1 levels transiently decreased in the whole cohort and in the RA subset. On the other hand, SOST levels significantly increased in the entire cohort, as well as in the RA and AS subsets after 12 months of treatment. When comparing RA and AS, SOST levels were lower at all time points in AS compared with RA. Baseline SOST correlated with L2-4 and femoral neck BMD at baseline, as well as after 12 months in the whole cohort and in RA. This association was further confirmed by regression analyses. Interestingly, higher baseline SOST was associated with higher BMD at all sites. Moreover, high baseline SOST predicted higher BMD after 12 months of anti-TNF treatment. Similar to our observations, other studies in RA also reported that TNF-α inhibitors suppressed DKK-1 leading to increased bone formation [23, 24] . In addition, in one study, anti-TNF treatment increased SOST production in RA [25] . The seemingly controversial effects of anti-TNF biologics on DKK-1 and SOST need further discussion. In general, DKK-1 and SOST were thought to have unidirectional effects on the bone. Both molecules were described to block Wnt-β-catenin-dependent bone formation. TNF-α may induce both DKK-1 and SOST production [14] . DKK-1 may directly drive SOST expression by osteocytes and DKK-1 blockade also inhibits SOST production [14, 15] . Indeed, Chen et al. [17] administered anti-SOST antibody to human TNF transgenic mice that develop inflammatory arthritis. In this model, anti-SOST did not affect synovitis. However, anti-SOST, but not anti-TNF antibodies halted the progression of bone erosions [17] . On the other hand, more recently, Wehmeyer et al. [18] reported that in a TNF-α-dependent murine arthritis model, where synovial fibroblasts abundantly produce SOST, SOST inhibition leads to accelerated synovitis and joint destruction. SOST blocked TNF-α-dependent signaling pathways and SOST inhibition ameliorated arthritis in an animal model [18] . Moreover, low SOST and DKK-1 production have been associated with syndesmophyte formation in AS [33] . SOST levels remain low after TNF-α blockade, which may partly explain the inefficacy of TNF inhibitors on bone formation in AS [34, 35] . Interestingly, low SOST and DKK-1 levels in AS result in increased CRP production [35] . Indeed, SOST levels increased in our study in both AS and RA; however, the absolute serum concentrations of SOST were lower in AS vs RA at all time points. Our findings that TNF-α inhibitors may differentially regulate DKK-1 and SOST suggest that, apart from the direct stimulatory effect of DKK-1 on SOST [14, 15] , there may be other indirect regulatory mechanisms between these two molecules. Finally, in our cohort, high SOST correlated with high BMD at all sites. This finding supports previous observations that, while under non-inflammatory conditions, such as osteoporosis, SOST inhibits Wnt-mediated bone formation and contributes to bone loss and joint destruction [18, 36, 37] , under TNF-dependent inflammatory conditions, SOST may preserve bone [18] and attenuate joint damage [18] . Furthermore, anti-TNF treatment may increase SOST levels [25] and, as we demonstrated in this study, high SOST may correlate with high BMD.
When comparing bone resorption indicated by βCTX with bone formation associated with SOST, only βCTX, but not OC, and only SOST, but not DKK-1 correlated with BMD. Thus, our data suggest that βCTX and SOST, in addition to CRP, may be the most important biomarkers and independent predictors of BMD. Moreover, most of these associations were seen in the entire cohort, where two-third of the patients had RA, and in the RA subset alone. Interestingly only βCTX and SOST, but not CRP associated with BMD in RA. In contrast, in our relatively small AS subset, only CRP, but not βCTX or SOST correlated with femoral neck BMD. In conclusion, in RA, SOST and βCTX, but not CRP are independent predictors of BMD (at baseline and after 12 months), whilst, in AS, CRP may serve as the best biomarker of inflammatory bone metabolism. As mentioned above, low SOST and DKK-1 levels in AS may stimulate CRP production [35] , this may further explain the outstanding importance of CRP in AS-related bone changes.
CathK is a matrix-degrading enzyme that effectively digests collagen. CathK has been implicated in osteoporosis and a CathK inhibitor, odanacatib, has been tried in postmenopausal osteoporosis [38] . In RA, increased CathK levels correlated with joint damage [39] . CathK is strongly expressed at different spinal regions in AS [40] . In our entire cohort and in the RA subset, but not in AS, TNF inhibition resulted in significantly decreased CathK levels after 1 year. In a study of 13 AS patients, infliximab, ETN, or adalimumab treatment did not change CathK levels [41] . We did not find any reports in the literature on the effects of biologics on CathK production.
Our study has advantages and limitations. We included RA and AS patients and compared the two disease. To our knowledge, this is the first study that assesses the effects of CZP on bone loss. Moreover, we determined a high number of bone biomarkers in these patients and correlated inflammatory and bone biomarkers with BMD. Finally, we developed a potential explanation on the differing effects of SOST in inflammatory vs non-inflammatory bone loss. This study certainly has limitations, primarily the relatively low number of patients. However, we assessed BMD, as well as a great number of biomarkers in a prospective manner, which would have been more difficult in a larger patient cohort.
In summary, despite its diverse effects on bone formation in RA and AS, anti-TNF therapy (ETN and CZP) slowed down bone loss in both diseases. Independent predictors of BMD were SOST and βCTX in RA, whilst CRP in AS. Further studies are needed to evaluate the potential beneficial effects of biologics on inflammatory bone loss. 
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